eclining groundwater supplies, increased competition for available water resources, and irrigation-induced, water-quality problems have resulted in an increased need for waterconserving irrigation practices. Irrigation practices for com production in western Kansas usually extend watering until late in the season, resulting in high levels of soil water remaining in the profile in the fall after harvest. Rogers and Lamm (1994) found in a survey of 82 producer fields in northwest Kansas that plant-available soil water contents after com harvest averaged 70% of field capacity for a 1.5-m-depth soil profile.
D
eclining groundwater supplies, increased competition for available water resources, and irrigation-induced, water-quality problems have resulted in an increased need for waterconserving irrigation practices. Irrigation practices for com production in western Kansas usually extend watering until late in the season, resulting in high levels of soil water remaining in the profile in the fall after harvest. Rogers and Lamm (1994) found in a survey of 82 producer fields in northwest Kansas that plant-available soil water contents after com harvest averaged 70% of field capacity for a 1.5-m-depth soil profile.
One method of conserving water would be to mine the plant-available soil water gradually during the irrigation season, in anticipation of recharge from precipitation during the off season. This concept of irrigation scheduling with planned soil water depletion was developed by Woodruff et al. (1972) under semi-humid conditions in Missouri. Further experimental testing of the concept (Fischbach and Somerholder, 1974; Fonken et al., 1974) found it could be used successfully on deep soil profiles with high water holding capacity, provided irrigation frequency was sufficient to maintain adequate soil water in the most active zone of water and nutrient uptake. Martin et al. (1991) reported that mining of 50% of the soil water may be acceptable if off-season precipitation is sufficient to fully recharge the crop root zone.
Drier soil profiles at harvest result in greater opportunity for capturing winter precipitation and also reduce the potential for overwinter drainage losses and leaching of chemicals to groundwater (Lamm and Rogers, 1985a; Schneekloth et al., 1991) . Research in Kansas by Rice (1993) found that nitrate leaching during the growing season was minimal and that the overwinter period was of greater concern because the evapotranspiration (ET) then is usually lower than the precipitation.
Mining plant-available soil water to a low level would be acceptable and even desirable if com yields could be maintained. However, deficit irrigation of com is difficult to implement successfully without incurring yield reductions (Eck, 1986; Musick and Dusek, 1980; Stewart et al. 1975; Lamm et al., 1993) . After reviewing numerous studies, Rhodes and Bennett (1990) reported, that water stress imposed at any growth stage on com will generally lower the efficiency of the water used in transpiration.
Mining the soil water may be possible by allowing a slight deficit in irrigation amounts to accumulate over the latter part of the season. The difficulty in this approach is that this period also coincides with the most critical crop growth stages. In simulation studies, Gilley et al. (1980) found that for several locations in Nebraska, replacing 90 and 80% of the cumulative ET during the reproductive and grain filling stages for com, respectively, resulted in near maximum yields. Using an ET-based water budget, an irrigator may be able to avoid yield reductions by allowing a small, daily deficit in supplying ET needs to occur over a long period of time.
PROCEDURES
Field studies were conducted at the Kansas State University (KSU) Northwest Research-Extension Center, Colby, Kansas, during 1990 and 1991 on a deep, welldrained, loessial, Keith silt loam soil (Aridic Argiustoll). This medium-textured soil, typical of many westem Kansas soils, is described in more detail by Bidwell et al. (1980) . The 1.5-m soil profile will hold approximately 300 mm of available water at field capacity and has a profile bulk density of approximately 1.3 gm/cm^. This corresponds to a volumetric soil water content of approximately 0.34.
The continental climate can be described as semi-arid, with an average annual precipitation of 474 mm and approximate annual lake evaporation of 1400 mm (Bark and Sunderman, 1990) . Daily climatic data used to schedule irrigation were obtained from a NOAA weather station located approximately 350 m northeast of the study site.
The study was conducted each year in a different 0.6-ha, dead-level irrigation basin approximately 180 m long x 30 m wide with plots 4.6 m wide and 30 m long mnning perpendicular to the level basin length. The plots accommodated six com rows spaced 76 cm apart. Small dikes were constmcted around each plot to prevent mnoff onto adjacent plots. The study treatments were replicated three times in a randomized complete block design. The treatments were analyzed as a single-factor design.
The reference evapotranspiration (ET^) was calculated using a modified Penman combination equation similar to the procedures outlined by Kincaid and Heerman (1974) . The specifics of the ET^ calculations used in this study are fully described by Lamm et al. (1987) . Basal crop coefficients (K^^) were generated by equations developed by Kincaid and Heerman (1974) based on work by Jensen (1969) and Jensen et al. (1970 Jensen et al. ( , 1971 . The basal crop coefficients were calculated for the area by assuming 70 days from emergence to full canopy for com and physiological maturity at 130 days. This method of calculating actual evapotranspiration (AET) as the product of K^b and ET^ has been applied in past studies at Colby, Kansas, and it has been found to estimate AET accurately Rogers, 1983, 1985b) . In constmcting the irrigation schedules, no attempt was made to modify AET with respect to soil-evaporation losses or soil-water availability as outlined by Kincaid and Heerman (1974) .
Three irrigation management levels were included in the study, heavy (1.25 x ET), normal (1.00 x ET), and deficit (0.75 X ET), representing the range of management that occurs among irrigators. One of three daily deficits, 0,1, or 2 mm/day beginning after tasseling were superimposed on the three management levels. For example, assuming a 40-day period between tasseling and the last irrigation and with no drainage below the root zone, one would expect the normal (1.00 x ET) irrigation treatment with a 2 nmi/day daily deficit to have an additional 80 mm of soil water deficit at the end of the irrigation season compared to the normal treatment with the 0 mm/day daily deficit. Actual amounts would vary considerably, depending on timing and amounts of irrigation and precipitation. Summarizing the nine irrigation treatments: Irrigation was scheduled using a water budget to calculate the root zone depletion with precipitation and irrigation water amounts as deposits and calculated daily corn water use (AET) as a withdrawal. Irrigation efficiencies were assumed to be 100% in the small deadlevel irrigation basins. Modification of the individual treatment irrigation schedules to simulate the various management levels, heavy, normal, or deficit irrigation, was accomplished by multiplying the calculated AET value by 1.25, 1.00, or 0.75, respectively. Planned soil water depletion was accomplished by reducing the calculated AET value by the daily deficit (1 or 2 mm/day) after tasseling (20 July, both years). If the root-zone depletion became negative, it was reset to zero. Treatments were irrigated to replace 100% of their calculated root-zone depletion, when the depletion was within the range of 65 to 100 mm. Most irrigations were applied at a depletion of approximately 65 mm. Irrigation water was metered separately onto each plot. All plots started the season with a nearly full soil water profile. All treatments received an initial irrigation of 64 mm after the layby furrowing was performed (19 June 1990 and 2 July 1991) to alleviate water stress caused by root pmning during the furrowing process.
A neutron probe was used to measure volumetric soil water contents in 30-cm increments to a depth of 1.5 m on an approximately weekly basis during each season. Access tubes were located near the center of each plot in-line with the com row. The plant-available soil water was calculated from these data using wilting point values determined from long-term dryland research for the soil type. The soil water measurements were used to evaluate the treatment responses, but were not used to periodically update or adjust the irrigation schedules.
The seasonal water use for each treatment was calculated as the sum of precipitation, irrigation, and measured soil water depletion between the initial (6-06-90 and 5-28-91) and the final (9-17-90 and 9-18-91) soil water measurements. Water use, as expressed here, included any deep percolation that occurred. Water use efficiency was calculated as the com grain yield in milligram per hectare divided by the calculated water use in millimeters.
Conventional tillage was used in com production. The previous crop (com) residue was shredded and doubledisked in the fall for increased residue decomposition. Nitrogen (U-A-N, 32-0-0) at a rate of 245 kg/ha of N and phosphoms (10-34-0) at a rate of 45 kg/ha of P2O5 was broadcast applied as a solution in mid-October. Following fertilization, the area was furrowed to prevent overwinter wind erosion and to provide 76-cm-spaced ridges for planting in the spring.
Com ( The climatic conditions for the two years can be summarized overall as being near normal. Irrigation amounts were also near normal, but the seasonal distributions were very dissimilar because of the timing of precipitation and high ET periods.
UTILIZATION OF PLANT-AVAILABLE SOIL WATER
Contribution of Various Soil Profile Layers. The soil profile depth an irrigator manages for irrigation scheduling purposes varies with soil type and climatic conditions. In previous studies at Colby, a depth of 1.5 m has been considered adequate for fully irrigated com (Lamm and Rogers, 1985b) . The average seasonal change in plantavailable soil water for the 1.5 m profile between 6 June through 17 September 1990 and 28 May through 18 September 1991 is shown in figure 3 . The change in soil water as related to soil profile depth was nearly linear over the wide range of irrigation treatments, meaning that all layers contributed somewhat similar amounts of water. This contradicts the classical textbook theory of increased crop water use from the surface layers, but is indicative of the ability of this particular deep soil profile to buffer the effects of dry surface layers with water from lower depths. However, this buffering effect may not be as beneficial as frequent small irrigations of the surface layers, which should contain more nutrients for plant uptake. There were significant differences in soil water depletion among treatments ( fig. 3 ) with a general trend towards increased depletion with decreasing amounts of irrigation. One noteworthy exception to the trend was Treatment 7 (0.75 ET, DD-0), which decreased soil water to a greater degree than Treatments 8 and 9, although not significantly. Although Treatments 7 and 8 received similar amounts of total irrigation in both years. Treatment 7 received the last irrigation early enough to be effectively used in grain production. As the irrigation treatments became more limited there was a greater reliance on the deeper parts of the soil profile for soil water utilization, as indicated by the decreasing line slopes ( fig. 3) . 1 1 M 1 1.1 1 1-LI 1 1 1 1 1 1 1 M 1   1 1 M 1 1 1 1 1 1 1 1 1 1 1 1 1 I'l 1 1 M 1 1 N 1 1 1 shows some of the distinct climatic characteristics for the two years. In 1990, a sharp decrease in plant-available soil water occurred until about 3 July (day 183) which was reflective of the excessively high ET from mid-June through early July ( fig. 2 ) and the low June precipitation ( fig. 1 ). Treatments 6, 7, 8, and 9 had soil water depletions of over 100 mm on 16 July (day 196) . This implies the water use model was slightly underestimating AET under the extreme climatic conditions because irrigation events should have kept depletions under 100 mm. Because over 60% of the irrigation had been applied by the time the daily deficits were initiated in 1990, less separation occurred in plant-available soil water levels for the various daily deficit treatments than in 1991. Another sharp decline began in late August 1990, following the last irrigation for the various treatments. Unusually high temperatures and winds in early September 1990 caused another high ET period, which resulted in low soil water levels at physiological maturity, even for the heavy irrigation treatments. Plantavailable soil water levels for the 1.5-m profile ranged from 97 to 150 mm ( fig. 4 and table 2 ). In 1991, relatively high irrigation needs after tasseling (20 July), when the daily deficits were initiated, resulted in appreciable separation of soil water levels for the various treatments. There were significant differences in plant-available soil water levels for the 1.5 mm profile at physiological maturity ranging from 98 to 232 mm ( fig. 5 and table 2 ). Irrigation and Plant-available Soil Water at Physiological Maturity. The plant-available soil water at physiological maturity for the com (ASW^) was linearly related to the applied irrigation amount ( fig. 6 ). Linear regression of the 18 data points from both years resulted in an equation for ASW^j in mm:
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where IRR is expressed in millimeters. Overall, the equation does not have a very good fit as expressed by the relatively high standard error of the estimate (SE = 22.5 mm) and the relatively low RSQUARE (R2 -0.56). However, the results show that to leave the soil profile drier at harvest by a given amount, irrigation needs to be reduced on the average by four times that amount on this soil type. The relationship holds over a fairly broad range of irrigation levels which further implies that only slight decreases of ASW^^ are possible with good surface irrigation practices on this soil. Although the primary purpose of irrigation is to provide water for crop use, another purpose is to maintain a conducive soil environment for nutrient uptake. Excessive depletion of soil water also can have the effect of reducing nutrient availability. Plant-available soil water was lower than 50% of field capacity for Treatments 6 to 9. The 50% depletion level of plant-available soil water is the critical point of many soils where yields are reduced. Although the response (eq. 1) was linear over a fairly wide range of treatments for these two years, the response would approach the asymptotes of upper and lower limits of plant-available soil water as irrigation was further increased or decreased. The imposition of the daily deficits after tasseling generally decreased plant-available soil water at maturity ( fig. 7 and table 2) . In many cases, these decreases were statistically significant, particularly for the heavy and normal irrigation treatments in 1991. Planned soil water depletion (DD-1 and DD-2) on the heavy irrigated treatments (1.25 x ET) resulted in plant-available soil water levels similar to those for the normal fully irrigated treatment with no daily deficit imposed. In some cases, imposition of the daily deficit had little effect on the overall irrigation amount, but simply shifted an irrigation event to a later date (table 1 and fig. 7 ). This occurred in both years for Treatments 7 and 8. A portion of the last irrigation amount for Treatment 8 in both years probably went to increasing plant-available soil water at maturity rather than to crop production. Use of a small, 1 mm/day deficit after tasseling reduced overall irrigation amounts for the heavy, normal, and deficit irrigation management levels by 63, 35, and 0 mm, respectively. The larger 2 mm/day deficit resulted in savings of 95,102, and 64 mm.
CORN YIELDS AND IRRIGATION
Com yields varied widely among treatments (table 2) for the two years of the study, ranging from a low of 9.3 Mg/ha for Treatment 9 in 1990 to a high of 13.9 Mg/ha for Treatments 1 in 1991. Although early seasonal crop water use (ET) was higher than normal in 1990, the pollination and grain filling stages of the com occurred during periods characterized by extremely mild temperatures. These mild climatic conditions reduced plant water stress during the critical growth stages and resulted in overall excellent grain yields. Although 1991 irrigation requirements for the fully irrigated condition (Treatment 4) were higher which would generally indicate less favorable growing conditions, more consistent and less severe growing conditions resulted in higher yields in 1991 than obtained in 1990. Imposition of a small daily deficit (DD-1) after tasseling did not have a statistically significant effect on yields within a given management level ( fig. 8 and table 2) . However, the imposition of the larger 2 mm/day deficit did appreciably affect yields for the normal (1.00 x ET) and deficit (0.75 x ET) management levels. The deficit-irrigated treatment with a daily deficit of 2 mm/day (Treatment 9) had a significantly lower yield.
No significant differences in water use efficiencies (averaging approximately 0.018 Mg/ha-mm) occurred among treatments in either year, indicating that irrigation amounts even for the heavy irrigated treatments were relatively efficient. Reductions in irrigation imposed by the daily deficits for the deficit treatments thus would reduce yields by 0.018 Mg/ha for each millimeter reduction in irrigation. Statistically significant linear relationships for yield as a function of irrigation amount and water use were determined ( fig. 9) The absence of significant differences in water use efficiencies among treatments indicates that no benefits occurred in terms of water resource conservation by imposition of the daily deficits after tasseling. The savings in water by using planned soil water depletion were direcdy offset by yield reductions. Water saved in one year would have the same yield production potential in a future year. The water use efficiencies were slightly lower for the heavy irrigation treatments indicating that some deep percolation losses were occurring for these treatments. It is possible that the daily deficits would have had less effect on yields if the frequency of irrigation events had been higher. Stegman et al. (1983) reported that an irrigation interval of seven days or less should be used when scheduling irrigation with planned soil water depletion. Reducing the soil water level at harvest may have additional economic benefits such as reduced leaching of chemicals that traditionally have not been accounted for in analyses.
CONCLUSIONS
Overall, the two years of this study had near normal precipitation and evapotranspiration, resulting in near normal irrigation requirements. However, the seasonal distribution of irrigation was dissimilar.
Soil water was utilized to a depth of 1.5 m in this study, and all layers contributed somewhat similar amounts of water, as evidenced by the linear relationships of seasonal soil water changes and profile depth. This characteristic of this deep soil profile would be beneficial in irrigation scheduling with planned soil water depletion, because water stress caused by dry surface layers could be buffered with water from lower depths. However, some reduction in nutrient availability could occur because of dry surface layers.
The plant-available soil water at physiological maturity was related linearly to the irrigation amount over the wide range of irrigation treatments. However, the plant-available soil water at physiological maturity was reduced by only 25 mm for each 100 mm reduction in irrigation.
Yields were related linearly to irrigation and water use with a reduction in irrigation or water use reflected by a reduction in yield. Using irrigation scheduling with planned soil water depletion resulted in yield reductions.
Water use efficiencies were similar whether planned soil water depletion was used or not. Therefore, from a water conservation standpoint, irrigation scheduling with planned soil water depletion was not justified. From a water quality standpoint, irrigation scheduling with planned soil water depletion might be advantageous. Drier soils at harvest would reduce the potential for overwinter chemical leaching. Smaller, more frequent irrigations as might be accomplished by surge, sprinkler, or drip irrigation might have helped maintain yields, while allowing planned soil water depletion.
